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Paraxial calculation method for optical system - by multiplying beta factor and rear focus over 
every surface and whole system to paraxial relation of two principal point positions 
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Abstract: 

JP 9005650 A 



The method entails determining the point where the standard axis of a standard ray of a standard 
wavelength meets a curved image surface relative to three points included in a Gaussian bracket. A 
formula is obtd. by relating the determined point with a focal length and with a normal surface line 
approaching the standard axis and the axis of an optical system contg. a curved surface. 

The paraxial relation of two principal point positions is multiplied with a beta factor and a rear focus 
over every surface and the whole system. 

ADVANTAGE - Simplifies drawing prodn. process since coordinate transformation need not be 
performed during actual processing of surface and during measurement; precisely shapes surface of 
optical system; adopts calculation method and processing equipment utilising paraxial logic of 
conventional coaxial system; eases understanding of framework of optical system; reduces distortions 
near standard axis. 
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(54) [awro&ft] «iffi^«Rrjc^nsfflv>ftJ!ia«ia 
(57) \mm\ 

mm ®i*mt>>bm\c^itz&mm&<om (s 

LftV^FSTIi&^ftffi (Off-Axialftffi) Sr^tfft^ 
©S^tt^ftffi i 5*5 jSKifcv >T ffi&tttf SUM* t - 

$>>*>-7ylr-y h<DA, D, B, <D, M^SbM. 20 




Z>#Vi/*>zf7try b<DA, D, B, <D, 
fc-S:L*v^a^tt*vwf-Axial*BS:*tf3fe*3R 

W^^^7^S/hOA, D, B, <J>, M&$m. 

z (x, y)=C 2 oX 2 +2C 11 xy+C 02 y 2 +D 30 x 3 +3D 21 x 2 y+3D 12 xy 2 +D 0 3y 3 
+E 40 x 4 HE 31 x 3 y+6E 22 x 2 y 2 +4E 13 xy 3 +E 04 y 4 +. . . . 



ftttosm*: ft b <b £fc 3 jjs k: *$ v mm 

t-ftLftV^ffi^tt/iV^Off-AxialftffiSr^tf*^* 
kftStf^v'-rVy^^y hOA, D, B, <P, 

tttf ft® t £fc> S jfSKifcv ^Xiftil^M fc -St L4 
^^Fffi-eil*V^0ff-Axialft®$r^tf*^cO, Off-Axi 

*y 2+ iW 3 

(tai) 

V^ffi-C«:ftl>0ff-Axial*ffi*^tf3fe**«), Off-Axi 
fcJS«3R"C 2 6>*6* »0f f-Axial 2 ftft®-<- 

mi) 



(i/a+l/bX^W^+x 2 ) 



2= 



2cos(t)[1 +1/2(1/a-1/b)sin(t)y^ 

+c 3o x3+c 2i^y +c i2^ +c o3y 3+c 4o x4+c 3i x3 y 



CttfcJRe] IM*>bftiiiKV^£&mj^&9 



(8^28) 

V^ffi-ett«V^0ff-Axial*ffiSr^tP***O, Off-Axi 
alftffi<DJ#R*r, ±ffiS£jfiC*IRjSt Uz*Srffij5fej»t L 
2 fete* S h-y y^BB^-^«)SC 

[»2] 



Z=R-(R-s) 



(H-sr 



+c 30 x 3 + c 21 xVc 12 xy^c^+c 40 x^C3 1 x 3 y 
tC^xV+Ci 3xy 3 +Co4y 4 + + 



(ffcS29) 



^¥ffi^fift^0ff-AxialftB&^tf3fc^<z\ IfH 
[86:3] 
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cos 6 '(cos 0 'cos £ 'cos £ +cos 6 sin £ 'sin £ ) 
cos* (cos 6 'sinS *sin£+cos 9 cos£ 'cos£ ) 



(»*8) 



D=1/A= 



cos * (cos * "sin £ 'sin £ +cos $ cos £ 'cos £ ) 
cos 6 '(cos 0 'cos £ 'cos £ -fcos & sin £ 'sin £ ) 



(Sfc£9) 



2{N 1 oos^'-Nooetf ){oos£ 'cos* C02+(co6 0 'sine'ccs* ♦coe *«» r«n £>Cl1«ra* cos rain ^sin£C20l 
s/cosTcosT'O^^ 

U 

h v ' =A v h v 



a v '=O v h v +D v a v 



«5tl3) 

Gfcs:i4) 

(JWIS) 
WX16) 



m&m 9 ] i a» few** 8 cov^tu^ 1 515 

4V^3^iB"Ctt4V^0ff-AxialftffiS:^tf*^^, 
[*4] 



' cos 0 '(cos 0 'cos^'cosjf +costfsin£ 'sin £) 
cos $ (cos * 'sin £ 'sin £ +cos $ cos £ 'cos £ ) 



(ft£8) 



D=1/A= 



cos 0 (cos 0 'sin £ 'sin £+costf cos £ 'cos £) 
cos 6 '(cos * 'cos £ 'cos £ +COS 0 sin £ 'sin £ ) 
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2{N*cos 0 '-Nooe 0 ){cos M 'cos£C02+<co6 * 'sin 4"coa $ +cos * cos £ sin £ )C1 l*cos 5 cos § 'sin ^'mn £ C20J 
7 cosflcosff'fccsfl'cc^'ccs^+cre^ 



(SW10) 



Vfem S ft S Off-Axial ftffi<Oifi«*a#ffi t Icttff 
U 

h v '=A v h v m&n) 

a v '=<P v h v +D v a v 
h v+1 =h v '-e v ' a v ' (f&^lS) 

a v+1 = a v ' *a;i6) 

A, B, DS:«ftOT^A^lcov>-CW-»Lfc«r, 



v > £ 5 fc**#B©?IH*#8we £ fix v % £ £ t £ *§HS fc 

1 1 ] 4Mm&»fcfcBfc^fc3S«K*<0£ 
mtfttB t S£*>*XHcftv^-CB»»*»!Wll t -ft b 
ftV^B'CriftV^Off-AxialftBSr^tf^*^* S?P 

»5] 
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cos 0 '(cos 6 'cos£'cos£+cos 0 sin £'sin £ ) 
cos 0 (cos 0 'sin 5" "sin £ +cos 0 cos £ 'cos £ ) 



(ft£8) 



D=1/A= 



cos 0 (cos $ 'sin £ 'sin £ +cos 0 cos £ v cos £ ) 
cos 0 '(cos $ 'cos £ 'cos £ +COS 0 sin £ 'sin £ ) 



0= 



2{N*oofi 9 '-Now 0 ){cos£ 'c« £ C02+<cos 'sin 4"ccs£ 4coq 9 coo £ 'wi £ )C1 1 +coa 9 cos B *st> £'sin £ C20) 
n/^o70cosT*(cc^^ 



(ssaio) 



r«l**lSOf£^AxiBl«ffi«>iE*l»*Br t fctt» 
U 

h v ' =A v h v 



a v '=fc v h V +D v a v 
h v +1 =h v ' ~e v ' a v ' 
a v+i= a v' 



(SSC13) 
<»3tl4) 



A, B, O, DSr«»<OT^A^«Co^rtWLfcl*, 
il^SttiA, B, 4>, DjWaffT$?A*4fc#tt#ft 

m&h 5 v *i±*b£J|0> ^ t, b wftw«w-c*> a r 

1 2 ] flftE^X^-t^TBttOff-AxialS 
MM 1 3 ] SME***o«*BttOf f-AxialKJt 

/ cos 0'(cos 0'cos £'cos£ +cos0sh£ 'sin £) 

A- / 

\j cos^cosfl'sin^'sin^+cosfl cos£'cos£) 



[»*3S 1 4 J (WB***ttd>ft < 1 1> 1 BOKJ&B 
t**, * 4>BMti# C ! ! 0 -C C 02 1 C 20 cos 2 0 © Jt 

JSKSlKftSBSfcli 

c i i= 0 > C 02 =C2 0 cos 2 0 (^^27) 
*>BMW#Ti? A *ft#tt*#fc ft v ^#Sr*fc-TB-C 

[MM i 5 ] «HB***J!:*5V^r**ixSK«Btt 
t^tc n # o -cc 02 £ c 20 cos 2 e ntt&mi 1 izft* 
BSfctt 

C 21 = 0 % C 02 =C 20 cos 2 0 (^^27) 

*S^i:*««t'r5fl**l l 
[I»#Si 6] «M*>b*BlcvyfcSJBPttJK>S 
W^*Bfc2KfeSjRlcfev^B8fe»^a5J|i«!i-ikL 

ftV>5pBT?ttftVM)ff-Axial*B*r*tf3t*5R^, 
[»6] 



0-1/A- 



cos 0 (cos 0 'sin £ 'sin £ +cos $ cos £ 'cos £ ) 
cos 0 '(cos 0 'cos £ 'cos £ +COS 6 sin £ 'sin £ ) 



(K£9) 



2{Woos * '-Nooe 0 ){oos £ 'coa£ COB+<cob 9 'sin £'coa £ «coo 9 w*?mt)CUw9cas9-e*rw\$C%i\ 

s/oos7cosV'(cos^^ 
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h v '=A v h v («W13) 
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A, B, <P, Dt«jfcor^^Kot^rWlLfcB», 
±*03ENdfcA, B, <P, D#»«T^A^tt#tt*ft 
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B-ek4^i«r««t-r*lll**l 6<DJM*fc. 
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^r^^. * 0>RltBa s C 2 A * 0 -C C 02 1 C 20 cos 2 0 <Dit 

tf««ii!:ft*B*fctt 

Cn= 0 , C 02 =C 2 o c °s 2 0 (#5t27) 
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■f ^-c c x x a* o -c c 02 £ c 20 cos 2 e <a it # I* i k * a 

c x i= 0 - c o2 =C 2o cos2 0 (ft*Z7) 



ft V ^B"Ctt4 V M)f f-Axial ft B tf ***3WI»0 

fcUBMLfc 
[»7] 



cos 0 '(cos 0 'cos£'cos£+cos 0 sin£ 'sin £) 
cos 0 (cos 6 'sin £ 'sin £ +cos 0 cos £ 'cos £ ) 



(»5S8) 



0=1/A= 



cos $ (cos 0 'sin £ 'sin £ +cos cos £ 'cos £ ) 
cos 0 '(cos 'cos £ 'cos 5" +COS 9 sin £ 'sin £ ) 



(Site) 



©= 



2(N*oos * '-Nooa I ){co« £ "cob £ C02+<co6 » "sh £ "cos £ «cos » coe 4 'sin £ )C « 1 +cos f cos ( *sJn£'an£C20) 

7 cosffawffXcostf'cosf'oosf+cosflsinf'sin^Mcostf'sm^'sinf+cosflcosf "cosf) 



-e£« snsoff-AxiaiftiBoisw»#ffir t tit* 
u 

h v ' =A v h v 



a v '=<I> v h v +D v a v 



(»SC13) 

<8W;i4) 
(»s:i6) 



B, <P, DW^T^^Co^ttfgt^: 
ft#tt#fc^ <fc 5 fc#*fSB^tt#ft£S ttTfc 9 , 

[MMm2 l ] lttX-AuyX3»*l4/>4< fc* 
lB*>KJ*B*r£** ; e<DSItB^C 11 ^O^C 02 ^C 
20 cos 2 0 ©Jfcj&Sftff 1 i£ft£ffi£fcte 
Ci i=0, C 02 =C 20 cos 2 0 (»S27) 
^KItB*sr^^tR#tt*»fcft^*#Sr*fei-B"e 

itSRWStt-f^-CC^^o-C'Coat C 20 cos 2 e ©it*s 

13:0:1 KUfcSBSfctt 

C 1X =0. C 02 =C 20 cos 2 9 <ffc£27) 

& 5 n t Sr«F»t 1-5IS*3S 2 0 OX- A 
[000 1] 



g^ift<b-§fcL&v>¥ffi-m#^liIlB (£1T Toff-Axia 
icJSM LfciEtt**ff|-JM-3 £ i *«$*i-*-S#**<*> 

[000 2] *fc*»Wtt, %¥34>*jftiEa>*aK:a> 
ffi-m&V>E&B (Off-Axial fftffi) 5r-&tf3fc^^cD«^B 

11-fSo 

[0003] *fc*|8Wtt, l»Ii>5)«IK:v^5S 

IfcfimW®! t — & L&V ^ffi-Cttft V >ttB (Of f-Axial ft 

[0004] Stc#&Wi, fefrffi^fclfeffiJcvfcaS 

t -ife Lfcl *¥ffiT?rifcV (Of f-Axial A 
ffi) Sr-&tf0ff-Axial3t¥^icil1-5 o 
[0 0 0 5] 

at> *> \cmm*ft-<nmttfciz.iz\*m$w*:mm ur^s 

[0 0 0 6] UK ft^a. btt*Wffl#«)^«0loaW 
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[0 0 0 7] *LT-t©#tt3te^3fc<0#»*£*»Sfc 

ofctr, *tt*©jatta»#*!>, **3t**oRH- 

biu (CUE**— yy hfcLfcgftRttifcftifteJ:!)* 
***** ©Jg##*£ $ 4xT ^ 5o 

[00081 i - 3;65f:j£, HMD (head mount displ 
ay) O&otem^mzft^XteftteCD&l&ft^VVim 

[0 009) r 5 Lfc#*rafc#»ffi©*9L#8c t lx 
iico^a^&j (14 2 #180 as-jKW-efc u , * 5 l 

[0 0 10] ^Lt±ltfcliISrIV\ ft^Eg© 

fc>ftV^*£ 5 Lfc3fe**(Off-Axial3t**) ft® 

«Rff©¥ffiT?» *Sv^tt»WI-*-eJ:<i|ja6©tixfc* 
W3t** It JH ^ 5 1 V >o fc^feTJKH- L, 

[0 0 11] 

fc3t**(Off-Axial3fe**) lC*tLT r#$ft3fe^*(D<i 
fc 9 ffiffl $ *x $ &#©S3l©J!ijU£;W£E £ *xS SS#© f 



m&&Lt£^ i f-?X'\m&<om<Dmx, m%<om\m 

[0 0 12] *fci 5 Lfcft**(0ff-Axialft^*) © 
*B5«)»««:*fl:**-Cjt**fc L-C©ttiMSrftS{t;1- 

#t>*# < 3EfcLT3te**©#ffl*©£#E«3&s@£T? 
#/iV^tv>5KH (WJa^2)t>*)ofc. (04 2# 
M) r5Lfc**3R(Off-Axial**3R) fc»L 

T«*tt*©ia#^ • H2H^©^fett, 3tm©&fcas8 

»©5fi«Ffc*flM**s#ftL*v^©-Cit*S:«ffc-f> 
v>or-«W*0ff-Axial3t**Sr#SW(c8ii5a» 

ff-Axialjfc**) l£#LTtt3te*S©89:W-©B8©B£i 

[0 0 13] «ot, 0ff-Axial3t**©^^(4^ 

LT^S&HWHt^ofc (IBWM&4). 
[0 0 14] *LT»fe*lfc*¥*t> r*$ft3fe**©<i 

8vMb©fc#a»ofc (ra»s5). 

[0 0 15] 

[^M*»*t-5fc*©¥©] ^xnttRM^i, rh 

£2 4r#*1-*fc*K. $ btcKa^3Sr«?«:-t-5a^ 
StJtMa^ffiSrW^-t-SfcfeiC, £ 5 LfcOff-Axialft 
**fc»L"Ct>, <fel(*B^P>{feS(i^fc'5SSiiSS©3t 

t— &U<eV^ffi-Ctt<CV^ftB(Off-Axial*ffi) &£tf 
ft**©, Off-Axial *ffi©^Sr, ±iE££&lfj£i: 

u z mzmm&t Ltcmrnxx- 2 &©« a»e>*&* a 



[0 0 16] 



z (x, y) =C 2C x 2 +2C 1 1 xy+C O2 y 2 +D 3O x 3 +3D 21 x 2 y+3D 12 xy 2 +D 03 y 3 
+E 40 x 4 +4E 31 x 3 y+6E 22 x 2 y 2 +4E 13 xy 3 +E 04 y 4 +. . . 

[*8] 



(l/a+l/bXcos^OyZ+x 2 ) 



<*a;i) 



z= 



2cos(t)[l +l/2(1/a-1/b)sln(t)y^+(1/a-1/b)s!n(t)y-y 2 /aM1/ab+1/4lan 2 (t)(l/a+l/b) 2 }x 2 ] 
+C3 0 x 3 +C 21 x 2 y+C 12 xy 2 +C 03 y 3 +C 40 x 4 +C3 1 x 3 y 
+C 99 x^y^-»Ci a x y 3 +Cnjy^ + + (3£i£28) 



[0 0 17] 



[*9] 
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+ € 30 x 3 + C 21 x 2 y + C 12 xy 2 + C 03 y3 + c 4oX 4 +C3iX 3 y 
+C 22 xV + C 13 xy 3 4C ()4 y 4 + + 



(£&29) 



[0018J ttr***©#a*«r*je>*is«»** 

[0 0 19] jHcifitthw— *©5tSrteo-c£S$£>SV> 

[0 0 2 0] * UTKH^l^e>4*T?Sr»*i-Sfc» 
•f-Sri-eiHJftftsrolBlfcfcBS. 4*5, ftM&SOto 

[0021] ftlcAff»lc**woffi|»fMI*tf 5*o 

[0 0 2 2] 41", *»W<D*31*ifeW:, 
(A-l) «3#Ea> fe&ffiidl * S^goSSp*8l 

Ra»«i<04t>O^JaBB1-5¥«fe-C»»S;^#bixS^ 
^>t^7^^fOA, D, B, O, M^lERI, 20 

z (x, y) =C 20 x 2 +2C llX y-K: 02 y 2 +D3 0 x 3 +3D 21 x 2 y+3D 12 xy 2 +D 0 3y 3 
+E 40 x 4 +4E 31 x 3 y+6E 22 x 2 y 2 +4E 13 xy 3 +E 04 y 4 +. . . . 



[0 0 2 3] (A-2) ^B^^ffiiCV>fc-5SJp«t 

^S?fl t L&l >¥®-Cft* V M)f f-Axial ft B £^ 
tf3t#^o. KS9M«)«fo9K:sni-S#2&-CtM|C^; 
^i^^v't^^yh^A, D, B, 0>, 

ffibm<o'p%:< hhii&&m&. hz^te±mzt>ft 

[0024] (A-3) *Mii^&ftBlCV^SSm 

j^*S«Jitt^-ftLftV^ffi-eW[fttWf-Axial*B 

TfWWWbttftifCri/ir^^^yhOA, D, 
B, 4>, 2o<0iSfiI, fg^/3 s 

[0 0 2 5] (A-4) **ffla>&0ffil^fc*»P* 

^SJptt*sftBt^t>6^^v^B«fe»^SJP«i: 

L ftV^Btli* V M)f f-Axial ft ffi ttifc^S 
CO, Off-Axial ft BcOfl^KSr, ±IEg^l4£@£ coco£ 
^SrJS^t Lz*liS:Bfej»i: LfcJ&«*-C 2 
*&4-5¥B-<-^cosC 



^*asn**»3»**B©*3a*-e«-»LT**«il 

[00 26] (A-5) «H*Bfrb*BlC^fcSjrak 

gcoS!ptt^ftB^^S^Ic^v^rB^^S^«^ 
-SlftV ^Bt?tt)iV >0f f-Axial *ffi«r£ trift** 



co, Off-Axial ft Btf>J»RSr, ±g£;&£ISU&£ Lz$S£ 
mm&t Lfcjffia3R-C2ft^d»b*&*S0ff-Axial2 

&ftB-<-;*co:£ 

[0 0 2 7] 
[»10] 
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O/a+l/bKcos^O^+x 2 ) 

z= 



2cos(t)[i +i/2(1/a-1 /b)sln(t)y^+(1/a-1/»Q8ln(t)y-y 2 /aM1/ab+1/4tan^t)(i/a+i/b) 2 }x 2 j 
+ C 3 o x3 +C 21 x 2 y+C 12 xy 2 +C 03 y 3 +C 40 x 4 +Cg 1 x 3 y 

+C 22 x 2 y 2 +C 13 xy 3 +C 04 y 4 + + (&5S28) 

[00 2 8J (A-6) fj&B^k&BK^fcSSSiiSc [002 9] 

-St t ftv >spB-Ctt^V >0f f-Axial l&E£-&tf ife^ 



z=R-(R-s) / 1 



(R-s) 2 



+c 30 x3+c 2i ^ + Ci2^^03y 3 ^4o* 4+c 3i x3 y 
+c 22 x2 y 2+c i axy 3 ^/ 4 - 1 - +»••• 

rv^ 0 [0031] 

[0030] (a-7) mwfcti*b$m\^itz>wm ism 



/ cos* '(cos* 'cos^'cos^+cosd sin^'sin^) w , , % 

A= / (Jfe£8) 



V cos0'(costf 'cosf'cosf +cosesta4"sinf ) 



2{KToo8 9 '-Nooe 0 ){oos £ 'cos £ CG2+<co6 'sin £ 'coa £ +coo 0 coo £ '*ifl£)Cl l+cta 0 cos 6 sin £ sin £ C20) 

s/^o70cosT*(ccs0*cc*^ 



(SC3£10) 



-C&il $ ft £0f f-Axial ft@<Djffl«fl;£® t KfH? 
U 



h v ' =A v h v 
a v , =O v h v +D v a v 
h v +1 =h v ' ~e v ' a v ' 



(*5tl3> 
(*«14) 
«*15) 
<*5*16) 



[0 0 3 2] fjtsftJS 7 OfeS^fefcJztf&BUlfc 

WC, ±^fc-5VMi^oy^C0j|£ttl:A, B, <D, 

[o o 3 3] x> ^xwo&sissttflfrfBW^in* (a 
-l) - (a-7) tDfttifrirg&mommxm&mm 

[0 0 3 4] **W©***f±, 



-8- 



(B-l) ttttSa'bftSK^fcSSWftftoSiMlltf 

ft® t %t>z> ^xmmm*m mm t -a uev*v 



[0 0 3 5] 
[»1 3] 



cos 0 '(cos 0 'cos 'cos 4" +cos 0 sin £ 'sin £ ) 
cos $ (cos 0 'sin £ 'sin £ +cos d cos£ 'cos* ) 



(8e*8) 



D-1/A- 



cos 0 {cos 0 'sin £ 'sin £ -fcos $ cos £ 'cos £ ) 
oosd'(co$d 'cos^'cos^+costfsin^'sin*) 



2<N"oo8 * '-Nooe * ){cos* 'cos* C02+<cob * 'sin fcoa ( ♦cos $ cos £ '«n£ >Cin<ra*cos 0ttnrain£C2O) 
n/co70od77'(c^^ 



(SW10J 



■CS«*n50ff-Axialfta5(DiS**4HSrt^W-* 

u 

h v * =A v h v 



= 0 V h v +D v a v 



h v +i =h v ' " e 1 



<*5tl3) 
(SSC14) 
(««15) 
<**16) 



A, B, D«ra»OT^A^jc:ov^rW-»Lfe«r, 



[0 0 3 6] (B-2) ttftffid^bftffilCV^fcSSJPK 
— SLftV^ffi"CttJiVM)ff-Axial*ffi*^tf3t** 

[0 0 3 7] 
[&14] 



costf^costf'cos^'cos^+costf sin^'sin^) 
cos $ (cos 0 'sin £ *sin £ +cos B cos £ 'cos £ ) 



cos 0 (cos 6 'sin £ 'sin £ +cos 0 cos £ 'cos £ ) 
cos 0 '(cos 0 'cos £ 'cos £ +cos 0 sin £ 'sin £ ) 



<R*9) 



0= 



2(N'cos 6 '-Nooe d ){oos £ 'cos £ C02+<C06 * 'sin £ f ccs $ +qoe 5 coe £ *«in^)Clt+co3 5costf 'sin^'am^ C20] 
7 ccs0cos0*(cos0'cos£'cc«£+co50sin£^ 



(&5t10) 



•C€**HS0ff-AxialftffiOS«llS#ffir (Cfft* 
U 

h „ ' =A , 



O V h v +D v a 



OfcSl4) 
(»*16) 



a v 

h v+l . 

a v +i= <* 

a, b, o, DSra»^>r^A^tcov^rw-*Lfc«f, 

[0 0 3 8] 

(B - 2 - 1 ) «rE3t*»05f ^TBttOf f-AxialS» 



mxhzzto 

(B - 2 - 2 ) SWBjfe^SR^W^BttOff^AxialKltB 
l:**©JB*rB-C&a^t. 

(B-2 -3) ffltB3t**W:^4< frtlB^KItBSr 
tORItBtfCn* 0 t?C 02 fc C 20 cos 2 0 ©JtJ6$ 
lldfcSBSfcW: 
C 1X = 0 , C 02 =C 20 cos 2 0 

O^B^r^A^ft#tt«r»fc4v^fr«:*.fc-rB-e 
(B-2 -4) llWB***fc*v^T^**baKltBttr 

-<r c xl a* o-ec 02 i: c 20 cos 2 0 ojtjMsia? 1 fciftSB 

Cn=0, C 02 =C 20 cos 2 0 (»«27) 
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[0 0 3 9] (B-3) *#ffia>e>«EKV>fc£gipS£ 



[0 0 4 0] 
Ml 5] 



' cos* '(cosfl'cos^'cos^^KOsflski^'sin*) 
cos * (cos 6 'sin £ 'sin £ +cos 6 cos £ 'cos £ ) 



(J85S8) 



D=1/A= 



cos S (cos 0 'sin £ 'sin £ +cos 0 cos £ 'cos £ ) 
cos $ '(cos 0 'cos £ "cos £ +cos 0 sin £ 'sin £ ) 



ZQfoos » '-Non « )(oos£ 'co» 4 C(B+(ooe » *sin £'co» * »coo » cos g )C» 1+eos » cos I "«in f'«in £ CSO) 



cos0coso"(cos6"cos6'cos£+«os6'sin£ 'sin£)(cos0'sin£'sin£+co3 0cos£ 'cosf ) 

T?^S$tl50ff-Axialftffi<Djftttl:#Sri KttfJ 
U 

(»5S13) 

,+D v « v (SKI14) 
«*16> 



(ascio) 



h v ' -A v h v 
a v '=0 v h 

h v +1 =h v'" e i 



a v+l= a V 

A, B, 4>, D^S»C0T^A^^OV>TU*gLfc^ 
^(DaftttfiA, B, <P, DdSJ5l3cT^^^»#ttdS* 

J: tfftffiBB© if 6 fctfRrare** r. t «:» 
[0 0 4 1] 

(B - 3 - 1 ) «rtB3fe^5R«L^r B^SOff-Axialltffi 

(B-3 -2) imX#*K'>*<bi>im*>BM9* 
t ©K»B# C ! ! ^ 0 C 02 £ C 20 cos 2 e <o\t& 



Cn= 0 , C 02 =C 20 cos 2 0 (&5t27) 

(B-3-3) S(rlB3fe^5R^JoV^r**ii5SitffiW:"r 
^TC n ^ 0 -CC 02 ^ C 2G cos 2 0 (OVt&mt 1 

c n =0 > C 02 =C 20 cos 2 0 (*5£27) 

[0 04 2] *%W<DX- A u ^X3fe¥5Rtt, 
(C-l) fe«cM^t>^MlC^fc5S^Kfi<DS^W^ 

ffi T? ft V ^Of f-Axial ft S Sr^tf 3t^5R :/ n >y 

^fc»Jix-C43 9, ±*«rJiL"Co«!|i«li©*to9lc»BI 

[0 0 4 3] 
Ml 6] 



cos 6 '(cos 0 'cos£ *cos £ +cos 6 sin £*sin £ ) 
cos ^ (cos 0 'sin £ 'sin £ +cos * cos £ 'cos £ ) 



<fiB*8) 



0-1/A- 



cos $ (cos 6 'sin f 'sta £ +cos 0 cos £ 'cos £ ) 
cos0'(costf 'cos£'cos£+cos0sin£'sin£) 



<Sfc£9) 



2(N* oos 0 '-Nooe 6 ){cos * *coa £ C02+(co8 0 'sin <"coa £ *cce $ cos £ «n * >C1 cos^'fih^'Bin^CMj 
<P» — 

"CS«*ix50ff-AxiBl*B5©5S*»*BrtlJ:tHr h v+1 =h v '-e v ' a v ' «5Sl5) 

U a v+1 = a v ' <ft*16) 

h v ' =A v h v (*«;i3) -C^a^ftS i&ftfe b <D5*;«rtto y ^ (Ojfic 

a v '=<P v h v +D v a v (*5tl4) ttttA, B, D ^W^<OT >JJ*X (COV>Tff» bfc 
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«#te#ftv* J; 5 (:#MIoM«S^t*5 0 > 
[0 0 4 4] 

(C-l-1) SWaX-AuvX***tt^4< ttl 
ffi<OKJtffi*£*. iORJtB^Cn^O-eCojtCao 
cos 2 0 ©JtasiSff 1 fc46BB*fctt 
Cj !=0, C 02 =C 20 cos 2 8 (S^27) 

(c-i-2) «nax-A^vx*^*^*5v^*tt 

SRttffiWi^T C 0 -CCob t C 20 cos 2 0 ©Jt^J3E 



Cti=0, C 02 =C 2Q cos 2 0 



[0 0 4 5] 

»^L^0ff-Axial3t^O5Stt3lSfe^ov>T«:, -* 

[0 0 4 6] «0ff-Axial5fe^^Oia#S^» 
1. Off-Axial3fe¥* £«J«ffi<D*m#ifc 
1-1. Off-Axial 

f£*#<fflV^nrv^*«**5RlC#U Off-Axial 
#^3R fc fc ft «S!M*&T4>ttK«ttT 

So 

[0047] -kwmmm 

(0 0 4 81 (1) ***K«»ttfc-et>«»ttft*i-* 



[0 0 4 9] (2) 

9 * t ©#*ffW4 «fc < ffft&ftVMfrlcH:. Kffi<|i<b 
★0ff-Axial3fc^©J£g 

w&m&mmw t-swuB (of f-Axiai *®> 

tf3t¥**Off-Axial3t^t^L, *©t»l£E4 3 
(fflU TO£atSK£oTSm0U|lMfc*r 

*©¥ffi^»ttttg©»1W4*ai4*>4*''©-e, Off- 
Axial***©*f**»fcK0M-$. ) £©£«»#«% 
<flK>Lfc***fc*tr«»» 

vvf, 0ff-Axiaitv^3m**fflv^r.i(j:i-5. 

[0050] 1-2. Off-Axial 5t^*©«fi£ffi»-a Lfcffi 

0ff-Axial3K*5R«r«j«i-Sffitt-«li:#»ttSr»fc4 
v\ *t*W4&#fcfc^ffi©*5i8si: LTtt®M©t^c 

&®t%v-*f\'&UJkb L.-Cttffiife8K:z«i£*>:btf 
fct©SrfflV>*. *UT^*^fc>1-S;S:z=f(x,y)©Jg 

*©**©A"e©fl6ttai*#, mmikomt 

•fa. 



z (x, y) =C 20 x 2 +2C 1 1 xy-K: 02 y 2 +D3 0 x 3 +3D 21 x 2 y+3D 12 xy 2 +D 03 y 3 



©J;5lcSfc>-f. 

[0 0 5 1] C©j;5(cS»$ftt©^Sr I t , 'il^EffiiS 
£@£LTJg§rf£#££ffl^T«J&®££»LT:}3tt 
tf, &3l5©Off-Axial3fe^©Ri+i5fci:H**9> 3t¥ 
£«!©#»* (£9tt©£B) 4 <ffi»R 

Sr3Effc;^-&5Ci:>Si-C#5 (EI4 4#J$) . SfcXfc. 
2*©aWff*fcH£LT 3*«*©**©**«fc3 

[0 0 5 2] 2.Jf*vfta5ofcSlPttirftofc5SttJSBS¥ 

@4 5^cfif*f^rffi^^fc^f^^ft-45-ofcg^pw^ci l So^ifi^^ 



+E 40 x 4 +4E 31 x 3 y+6E 22 x 2 y 2 +4E 13 xy 3 +E 04 y 4 +. . . . 1 ) 

ite-fS. £©Hfc*5Vvc4MMlU ^fflOifc^S^Wc 

*. ifflRttttWW-eJt^fc ± 5 fciBtelHtJBo fciocal 
ffiS^-e^SSft-c^a. rotttoH^ M'b, a 

9 h/wb, hAr L-Cffl#r©ifcliJ& 

^#>K&Jg0ii-fSri:&:tx.5„ ^©^Mitt 
i) .fti®©*!^* h/Ws &B]*©ggf5is, b (.<&&<< 

*;ffiLgig«©BffrE£?=Oi:fc?>) , EBtt, r 
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-To 

[0 0 5 3] ii) .i) ^fcftj&ft^ YJVbl3ft<<9 

So 

[0 0 5 4] iii). ii) 0**fc*ltaaf«MI^<^ 
[0 0 5 5] iv).iii)0»*tJB*f«>ifeai*fflV\ 
[0 0 5 6] v).JB*fS±ofiiltajf^co*iRj^ b 

b '=0 b + A „ +A X (»S;4) 
<0*fc/ft4H:5M*LT*SLT&a o ffibjS b+A „** 



[0 0 5 7] 3.0ff-Axial3t^*T?<Ott«©a;i:ajf© 

3-1 0ff-Axial**5R-e^)te«t©S;o»ffi 

£fc£2 ift*3<D«**«oTie*llBB«**»*»&tt 

ttiftbfSO fc*5V^CJ:V\, 8otA|,iAj.©rOiac 

HBc: 5 Lfc3S«i3M»^»JP«il!:j#LTta 
»M#«iiE«i**£l*U Aj.KStU A |, <Dm&= 

J&) t d> = n/ 2 <D%M (*^^/^3fe»tC»jS) ^"Cl^ 



N' (cos 0 ' cos £ * cos £ +cos 0 sin { ' sin £ )/(s ' cos 0)-N(cos 0'sinf'sinl 
+cos0cos £'cos£)/(s cos 0') -2 (N' cos 0 ' -Ncos 0 ) {cos £'cos£C 02 
+ (cos 0 ' sin £ ' cos £ +cos 0 cos £'sin£)C 1:l 
+cos0cos 0'sin£ ' sin £ C 20 }/(cos 0 cos 0') =0 ($C^5) 



[0058] 3-2 mffimoj&to&vmmtxvi/vy? 

y>rv Mciaa*r*>5£©*9l 

(N ' A) /s ' - (ND) /s- 0= 0 (»5£6) 

[0 0 5 9] 
[Si 7] 



c : ]-( A .sx:) 



[0 0 6 0] fcfc^b^Sii^ :tlb2o(D^i< 
t SOff-AxiaiatffB^ifiWl:^*^^ £ t 

So *os»*oa , d , ^Sr*^8^e>»s:io^^*to 



j3 = a/a '=Ns'D/(N's) («5£ll) 

[0 0 6 1] rrr^^^^n^^tifc^J: 

ftr<D 6-9 '=0, 0^=0, C 20 =C 02 =l/(2r) (rttft*^ 

[ o o 6 2 ] 4. j&tt b ^ 
4-1 te^O^f^v-Y^^^iy h 
£X±<D£ 5^C0ff-Axial^C0^B(CjoV^T^^■^^^^ 
?4ry h«r«v^fc#»-ca*f<05E*li*«:3fe«-c#fc3fts % 
«*«>B^b«*SjxS*«!:43V^H:B4Bt<oiB^(E 
S63l«r^«Lr*3<i^Si&s«)S. 0ff-Axial5RO»^t> 

*S«^tf«*fcPI«IC*|fffi|B«e' =d r /N , ^ffiV^ 
T 

[0 0 6 3] 
Wfcl 8] 



fit) 



(»*12) 
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o* 90ff-Axial3t*»^*©#»*t>*«l*«>»^i 
[0 0 6 4] 4-2 i5ttM^-^O^ffi 

3-2 -c#*ofcH#f0>a; 

h v '=A v h v , (3(«;i3) 

a V '=<P V h v +D v a v (»5£l4) 

4-1 -c**ofc(E2l©a; 

h v+1 =h v '-e v ' a v ' (S^15) 
a v+1 = a v ' <*5tl6) 

[0065] aT^*s^*.e>Hfc*r^^{ 

[0 0 6 6] i).s 1 %Z<DJ*&bnitft¥%<D s 7-*\Z 

[0 0 6 7] ii).flWB^>5fitt*A v * <P V .D V &# 
[0 0 6 8] iii).BJf05SSrtto^h v \ a v '£##> 

So 

*fc#K#*fttfs v , s v ' *JH*rBW«fflF*/8 v «r 
s v =N v h v / a v <«5S17) 
s v '=N v 'h v 7a v * (*5Sl8) 
J3 v = a v / a v ' (*S;i9) 

[0 0 6 9] w.as-^vj&sijiftffiiofc^-eftitiitfte 

[0 0 7 0] v).B#fvi5»JH©#fk 
i) frbiv) *-e4r«k0agt- o 
[ 0 0 7 1 ] vi) . «±otm-T?«:» ^tifcffiS-^ v 

a k ' = Oh^Dtti (^21) 

C O2 =(l/a+l/b)cos0/4, C 2C 

[0 0 7 8] *Off-Axial®#r® 

Off-AxiailSJfrffiteKlfflo* 5 ^«*fcttft 6>ftv\ 
4v*<A=l/D*l *&%MM) fz&VhZo Lft>Lft# 



B , D £#tf>6 0 
[0 0 7 2] vii). #tofc4*©A s B N 4>, D 

f=l/ o m*22) 

A^d-D)/© H=N A A x (»*23) 

A k '=(A-l)/4 H' =N k A k ' (*SB4) 
s k '=N k ' (f+A k ') 

[0 0 7 3] (H 4 7 Ftt»{ttM»j(SU H ttftft: 

m±jSu f , ««««jS, Hrtt#ni**r*t>i-) 

viii).±5R<ottfflP*3Sr 
j3= ai /a k (»5S26) 

[ 0 0 7 4 ] 5. «¥4B-e<D#tff • VfeB 

So 

[0 0 7 5] *Off-AxialSW® 
HMD ft if -C^ffl StlSOff-AxialSltffi^ioV^W: 0 =- 

«»c 20 , C 1X , c 02 # 

c i i =0 > ^02^20 cos 2 0 ($^27) 

Ufev^ J: 5 fc-f-ft r t S G 

[0 0 7 6] o$ 9 > Off-Axial&ttffi^&V^Ttty, z 
^flOffiWttCflWWSC^ 0 . C 02 =C 20 cos 2 0 zmc-f 

[0 0 7 7] WcH4 8|c*i-J:5 4*W*AS2 ftjft* 

il^0ff-AxialSlt2 Rftffi-ett-«tCC<Z>B8«^»fc 
a^Off-Axiall+2 *ftffi©-«S;(»:S28) ft^<*JR» 

(l/a+l/b)/(4cos0), C 1± = 0 

i: *^WC*5t>-C%itirf-«O0ff-Axial®JfffiC0^ 
V*s*l/7 ! 7>ry KD#*4>tt0ff-AxialftJBSflcJ:a 

^ y xa» t * b t- ± o y-sef b t <om& 

[ o o 7 9 ] 6. ts:H— OJS/fj 
a±3S^<rtfcA:5fctT****iaoff-Axial3R«>iS 
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[0 0 8 0] i).***Sr**O^F*4^Sr#*Lo 
[0 0 8 1] ii).mc#$*s J r^7 1 7*y h<D^m&% 
♦ «ffiffitt^T 5>A*|fc#*r*fcft^ 4 5 fc#B<0ft* 

[0 0 8 2] ^<Oi5>fc3Stt*©r^A^|fe#tt^»B 
L1tKWrtttt*V\Cttfr<>1t**.tt*> *) , Off-Ax 
ial*©KtfH*# ftS«*^*.S t^fc^c 

[0 0 8 3] a±*0ff-Axial***fc»i-4jS«ffllfc 

[0 0 8 4] B±©ai&©«t>'CRWLr*fcJ:54*a 

ff-Axial***)fc^«j|Wa»(0ff-AxiBl5EI«») 
S:««-rS^t^-e*6. *fcOff-Axial3l6**©#B 
LT<DtttB**Wfr*-<5» 

JE*HIC***©#»W *B*Lfc**-CB#R** 

5 C t S J; 5 
[0 0 8 5] *fc^<Dffi»tt*a*jSfeSr«V^««S*t 

tt»»a*ftftfet/k:»31«fllSr««-r*itf, Off-Axia 
1*** tC*3V vt t> #¥*ORft©Rlc-JRtt IC&^SS 

ttHH-S - 1 ^-e# -5 J; 5 fcft*. 
[0 0 8 6] SfeK^OflliSSftfcOff-AxialiSWffllll 
K4 9 *5TfB fc 4ofc0ff-Axial3fe**O3ft« h U-*co 

#tt#ft^4 5 fc«4Bri5B©»«Sr*3ti-S t 5 If* 
«HUMfcft b Wc«ka^BSr«ffl-rtLli, Off-Axial* 

[0087] tf)«£g $ tlfcOf f-AxialififfiS^ 

£40 KJtBfctf LT W £ *i£ <»a27)£ 
■t(DOff-Axial*^*S:«*-f 50ff-AxialftBOR4tB 

tfSJfcf *<* B0XH*4>MR£J: LTSUB-fftii, Off- 
Axial3t^(C^VN"Ct>)t^<oa!ttl:^#B-X?T^A 

^iR#ttti»fc-f, jaws»±«#w^oiHi^*r#Bi: 

[0 0 8 8] *K:*3BWOA*W4#«fc«fcov^"CR 
CPU, 13J4CPU11 fC^T^£ft*:/n^9A*&S» 



i4*3 4 ? * 15 1 *mm torn -em^mm £f?ft o it 

[0 0 8 9] 17«n-^/l/^y T*y h!7-^(LAN)18 
t*Sfi«Sr»a+SLAN ^y^-7x^^, 19I4R0M , 
SRAM, RS232C*S;-f>'^-7 3 :>f^#Sr*rLfeAm*$? 

BUUTfi/oj b^o) -C&So I/O 19 ici4#«^g&« 
8&«»RrtB-?*>So 20, 2lW:^ttlStt3SStLr©^ 
- Kr ^ ^ gf is J: u 5/ t^f ^ ^ ^ % 2211 

fc*S6Bt 5 fcfeof'-f^^^v 

24^^^>^23i:*^«tOPflT«^^fi : ft5fc^ 

9, 26tt»^«25t#KRiolB^«»«*«rfTft5 
fc»^y^-7s>f^-cJ5»5, 1214, ±ie£$8 
Btrlt-WftKrftfc*©^-*^, ^ho-/^ 

[0 0 9 0] *HJSWUC*5VNXJ4, CPU11 fcb^C 

w^ty i3<drom ftfc^¥«i&R* 
[o o 9 1 ] B2 f4. *mw<Di&mmumctt*tz>mn 

[o o 9 2] 03 ict«noamifi«ic^s»fe« 

©H&O^BaiSfpO— W*^i"o 02(D7n- ^Sl o^7 
^A^rtl^5fi«iil»+S7n-^fc5©^S*LB3 (D 
7^-i4V^< o^Ti^A^ -e<03S*lliiWSrtt?(IWJctT 

[0 0 9 3] g)4 !C**W(OiS**«-»«C»r5Safc« 

Vi/* is? 7 try h<D^mzm*). Effing (BSOS: 

T^SOaSttSA , B , <P, D fot>t>1r]f 7 

»t4E3 oWfirawoafeMWjaa-efcs^, 02 0045 

&fl9J«H«rlft 9 ?Sr t o T fc 4 V \ 
[0094] 05 iCOf f-Axial3t^*^0f f-AxialB©» 

^ - ^ -T S tt»»31* ifeft & tf ^SJgg (KB 
LTf4@l ^I^CHtcft8(D-C^B&-r8) KUH-ftlOfc 
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[0 0 9 5] ^^-C^0ff-Axial)fe^^0ff-Axial®(D 

mi&mm9tob : t<D&<D&&t:m&b\*. %<d&x<d 

*OjST?©ffi«Mft*:t>toOjffi«*l!i(z«) i:Ufcffi«3R 

[0 0 9 6] £ 0 Lfcffi«5RT*IBJ8-rS rtiU^ Of 
f-Axial***©iE«i**S|H|C-tf* 5 J: 5 KftS £ ^ 5 

»RMWL*i-< ft 8 fc t fcfcB©iDXf f -#*fMl 
[0 0 9 7] H6 fcttOff-Axial363**tf>iEtt h * 

IHWfc#ftl*J: 5 fc£«$B<^:R*rfc3£-*-* tVN^ff 

[oo9 8] zzT*mk£ j £x£\,^&t\t, mmitKD 
mmtfai&<om&f*£h LTB»#&*fc+fl«tT?*> 

(jb*v^r±*oaak©«*®i) , 
jUi^^nfc^n-^^-r^cD^^ dls ft^aasfb 

[0 0 9 9] ft«CK±RWUT#fc«ia»^7o-^ 

[0100] *-f *»W<OH16« 1 fcov vrR9H-* 0 
[0 10 1] 07 KlKKH*«**lTV>SjaWf||l ©Of 

f-Axiai#*3R©tt«, «-®^Ea> i#tt> mrnvw?* 

[0102] ic^Jtt^-^oMSS^ia 

8 Srfleo-CKW-rS. r<OHJ-i3V^-COff-Axial*^5R 

[0103] ^cir, Htfc*Jv>rtt*"f«iHIo3(tll 



(A*) SrttoT^S. **>#flHt£ 
«*3Wtf*ffc^BLrafH-6*fi"C*>5. Ill 

[0 1 0 4] ZLX. Hk\C &mMW<Dft¥XimtfL'* 

[ 0 1 0 5 ] Ztt : K£&a 9 * 2 ffiJC^ 5 PH 
Y»:JDS^«rai!)^hffirt (08 <D«Eft) "CZ H&fcl 
#LTRWrWII0fc:9O - SrftriiaSl 

X, B-*/u«i*^*©B©BJWft«bfc**?B« 
*i-5*««"er±« i B©B»«ftn-*^««*-ea 
[0106] *fc, WiB©YZBrt-eo^bA»IS« 
i (miC ) -C*i\ £oT, *38W<D**«rri#B 

<Dv*-$;umm<DR&\izm *<&yz¥b±k:*>*« £fc 

XZ*5J:tfXYBrt"C^B©fi^ttftv\ f iffio 

p-#/i««(x,y,z) £>y,z ttf*)ft#ffi«3R (X, Y, Z) fc: 

[ 0 1 0 7 ] z « : n-^yl/M^Oj^^^a 5 , 
S^<DZ *|Rj^Sa-LYZBrt^*3V^K«pW-*fi»CftS0 
i £#1-B$I 

y « : n-tf/Uj^OH^a^ z *fat-*H-YZBft 

x M : n-*/m«©WAta9, YZBKttLSKftilt 
& 

4fc, DiH*iBfc»(i+l) B©o-*^*«OJKjfim] 
©BIB*:*-*-**?-*, Ndi , vditt iil^S 

[0108] 4*jafc«*fcna#-«K:*B(rosi 

AMI lcrifc*fc**^v^ftv^WH(E*»»«)#* 
B^Wbrt>5o *orto«B»4>tt*B»Ri: b-C* 

[0 10 9] £fc, **«*0***H:^*< ttB(E 
*»»tt*«B*-BK±*L, tit 
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z =C 02 y 2 +C 2O x 2 -H; 0 3y 3 +C 21 x 2 : 
(fflLffittfcfctW-raoteiHSftCoa tC 20 ttftftl 

[ 0 1 1 0 ] Co, =C 21 =0 

0)2 = ^20 ^04 = ^40 = C 22 /2 

[0111] 4*5:: 5 IftUHKDRj&fftttKTOSI 
[0 1 12] ro^lfc«l ^Off-Axial3te*3RttfiltB 

) 

<D£ 5*B**to^9^*1"V^<t 5UHH48CD, 3 r><r>;<y* 

toLfc0ff-Axial2&ftB£^-*lC U #39**** X. 

[0 113] £<0*»HMtttt42 »ftB^**>*T« 
«4*»T?*>a. tttt©»R0S«:«otlHllfc 
^2 B^&JR6 B*T?<?!>B?Ktt©»fiUA«**2 IC^ 

f. *UT*ojRim»ISJIl*t>^K:B^«rE*«ifc 

[0 114] £3 LltXtmtoStAtKAt tz «i£ 
BttS»fc-»**fc»*2B©« i U *fctt±9-jRft* 

©tfc&Sfcft^MR^BoJPX, SI£^R^ffi«3E* 
-TS&3W J 4v\ 4*5JDX±o* 9 y h#Jb6iSM© 
^m*fe^U-Ctt-)RleI(E2 »C*B©(»a28) 
OJJjWc, £<0*fc«*fcf*4^#, (gfc£29)K^£tL 
ST-t-^e/w^-f y***3RfcJ#i-S 1 — y 
*£L*::£t> 1—5 y^B©lPX*HB!K:±<«lltt© 

[0 115] ftJCC©Off-Axial3fe^5RO^P — 0*5i 

0^lfl9F^OjSttS<D#BT?(Z)ffi, *5«ttf£*-e©**± 
Eia*lfll©7n^IiJorWllLfctt*«r*3 fc* 

MO^OiMfSli, Of f-Axia^ftB^-* IC L 
fc**28«r3 e>(c:-<§jR»®§BLr¥B-<-^0»S:i 

[0 116] 5(c:«-®co/N 0 y— ori^ 



04 y 4 ^2 2 x 2 y 2 ^4ox 4 (ftstto) 

ft#tt*^7^t ur*atfct>OftHllK:*f(ft*J 

[0 117] H10lC*5V^tt#B©^l7— (OT^A^ft 
*Hfe»/hS^B**#v^ rortfl*3 tC*3^TC 02 
£C 20 cos 2 OOitsftSl fcifiv>«*#oB<ISI*<»5S27) 

*#tt*»o0ff-Axial**O»fr, 7S^*##Off 
»«*«r**fett^7 7 1 Ur*« LT*3 < r t 

[0 118] 4*s^©IOS«B:, Sft^jRH^o^yy 

-0*5 ±%<Dm&vm('<7~) 

*S«»Ti?A^ft#tt«rl»fcftv^J:5K:#Boft** 

oi/4 <D«6B; ««B«3g*s*>j&*S<t5fcia;*S*t-cv^ 
£ 0 hO^$tt0.1mni KTfcfiMroTl^) , 

[oii9] ftfc**w^*«l2icov^rKfBi-5, 
[0 12 0] Hi4^BrBia^Sii"CV>a^lfi«2 oof 

f-Axial***Oft«, £®<£>gEB, ftflu B^tt^T 

-*&^4 icSt". 

[0 12 1] rO0ff-Axial*^*l4RltBt*fftOJB 
WBT«*S*tfc*«jR«>»it*^*)S. (^O^t>^ 
B©tt«c**IW-«rll#, tt9ffi»^tt[ffigt#in 

3^**r*j*LTv^SjWBoB»*t*«bt«fc 

[0 12 2] ft{cr©0ff-Axial***O/^!7— 
tfttW0iStt;ft0#B?0ft #±tf£*"C©*«r± 

rr^<o#B"C<o5fil*l:^W^Bl^5B^«o 
0ff-Axial2J5c*BSr^-^«-tfc(S:^28) 

[0 12 3] MfcilBH-JM.COSfe. #B*U:tt£*-e 

*X<DTiSJ*X#ft\t&??ytLX&&L1th<D&m 
16iC^i" 0 (4*5tai6T?tt»#T^A^tt#tt*sbd^ 
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[115^CioV^T^#ffiO/^ 0 r7-(Dr'> ? A^^fe#ttJ6v^$V^ 

Ej$s#v^ z<DZk\*&5 ic*^-cc 02 £c 20 cos 2 e 
ott:* l Jcaav MiSrftoffi (fc ($cs£27) ©E»fflj& s r 

[0 12 4] ro!61li«-CttmfooBI*>e>ttoA»5J: 
TV>5. £5LfcRtHi* **o*jRE«(^17-) * 

£)h/*tV*a o Xtfy b<Djz$£nO. Inn TOIttot 
[0 12 5] »lC**W035Hl«|3lcoV^R»r5. 

[0126] miMcmmm&mztix^zmifoms ©of 

[0 12 7] r©Off-Axial3t**l*Off-AxialSitffi4: 
Off-Axi8lJB»ffi©H**fflV^T«^Sixfc*^<03|* 
ft»-C*>5. (roBfcfcBottRfc******** 
ft 9 ffc»£«£g fc 1 t>#* 4 £ t 

©B»*t*bi-*iurtt(»sc28) i«ot«at 

18(0*^7*-^ *»6>to*»S J: 5 fc&f Ut>l^— lW»_b 

*©3H6HO*llfc'Ufc«P, ^ftbOBttOff-Axialfltff 
BfcftoTV^a. 
[0 12 8] »c^r©0ff-Axial***<O#B*5J:t5* 

tt, 0ff-Axial2U:tt®$r-<-^(CLfc^^28Sr^ 
[0 12 9] J^±EWMW>5fc, #B*JJ:t^*T? 

*x<DTVJ»x&ft&*yy7t LXm$LL1th<Z>&® 
2ite«-t-. (ft*3H2i-ctt»#r ^A^«#ttdSto^ 9 

ffi, *Sv*Bfct>fc*tf!»* /hSv^Bfcovvctfu S7 
lc*v^C 02 £C 20 cos 2 ecottiJSl fciEvMISrftoB 



(«tf(R^)OK»B*r^A^«(t#ttt»fcftv^fc 

[0130] z<Dmnmx*&ztit><owi>*bt>t>frz>£ 

?££3kb LXftft1ft&<DTi?J*X&ft&ftftZjLbti 

Boft**a»R»o^fefcJ:0»aftS:3a^-c*»fc 
Rit©-«"0*>!K ^R©/<7^««*«)7^^* 

S*l/tV* 0 hO*t£!S0. 1mm ^TlCfiftoT 

^^fto"CV>§ 0 

[0131] mz*&m<Dm&M4\z<>^x® t mi-Zo 
[0132] m24\c«imm&7F£tix^zm&m oof 

f-Axial3fc^SOtt«, «-ffi(0gBI, ««U BJKttOT* 
-*£^8 KtkTo rO0ff-Axial*^*H0ff-AxialS 
»Bfc*»oBWB(¥B) «rfflv^r**SnfcX-A 

9. %1 Bj&»?>!B6 ®££§2 ^ny^, ®7 Bd^felBii 

i>ttt** m zfvyttm -7*y*omm. m -? 
B»«**foi-a:tLTtt(»sao) o^m^-*^ 

[0 13 3] ft^roOff-Axial^^O/^y — <P*J; 
lcgiJoTW-»Ufc»*Sr*9 (c^-fo ^UT^enbo^ 

7*025*5 J; t^B26lC^-r o (4*5H26"CWt» 

«H«l:»<rtm5, -?:0^c 02 ^C 20 cos 2 e<D 

A^*#tt*»fcftv^**fc-rB) *^t?^ t 

oRim» r ^ ici otitW^: <b jP-c 

[0 13 4] *fcBi4T?toa»*J:5te, c<oSglKffi|«:# 
7^^^(D/^ , y-^i^^^T^A^ft#tt*ftv^<t 5ftR 
tfJCftor^So £©fc»:/ny*BW«fcS*Tt> 

2:A/ifftv^J:9lc-c#e. 

[0 13 5] ft*5B25-Cttb*>6ftVH!t«#^*^# 
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f*S5fttf>JRM£ <o/<y t <DmMxm<>X^Z>t flto 
ti5#* 

4 v * t o \z&m<o aw £ § MRfff Affile J: 0 gi§<t:£ 
A^T*»*iRIHcJ:5-«'C*)5, 

;b^5<J;9Kfcfc£;h/0^5 0 ho*f*r±o. lm 

m KTKlfi4ot^5) , 828©^ * >a 
*fti«tf>l/4 CD4SH) (DB^fefcfr^aiSfc**^- 

4v*#**fc4o-c^8. 

[0 13 6] »Cfc*«!B«)**«l5fcov^TRWi-6. 
[0 13 7] B29|C«BB*S*3jh,T^5*lS«5 COOf 
f-Axial3t¥*©ft«, &®tf>SSg, Wft, BJBtt©^ 

[0 13 8] rooff-Axiai***f*Sitffi«»t-e*^ 

*LTV^**BOB5»ttSr*toi-S:t LTtt(»S:28) 
8) (O#*aa^*S#&i-a<O^«««:0ff-Axial2ft* 

B-c»4v\», *«SS£fc2 ^^/^^-ei^ 

0ff-Axial2»:*®^2 I^SittiCfc^Ot, (ft 
^27) LT^S. fi^TifittttfclttCftfc 

[0 13 9] R{rc^)0ff-Axial*#5RO^l7-O*5j: 

EtW©7n-^IiJorH-»Ufc3IS*«r*lllC*r. T 
Silt) iffefe ©S; fc£<7^A*fe#tt#4v\, 4*5. 
r r T»0#B^©ifi*M;©tF#©l*fcfc 5 Bftt^So 
0ff-Axial2fclftB*r-<-*fc Lfc(*S28) Sr $ 
^tc^#jRftJg|BLr¥B^-^o(ftS;i)^^3Ejft 
Lfct>©Ttt>5. 

[0 14 0] MlC(gl30i^®^/N o y-S^^^!7- 

<T^^##ttt»otv^4v\ 4*5r*)Jte¥*tt3l 

©**Stt0.1nni ElTlCtt4oT^8) , 032©x><;* 



[0141] *Jc:*asM«)*16W6lc:o^TRW-rs 0 
[0 14 2] B33tc»BBa^£:h/t^5Slli«6 ©Of 
f-Axial***Oft«, ^BCDSag. I«Or 

[0 14 3] rO0ff-Axial*¥*tt0ff-Axialfiatffit 

3ft¥*tt*JK«l ^63 ^5 *>3ft**itt»4!K 

**LTV^S#*SB©Bi»***t>i-a;l: LTf*(ft5£2 
8) Srtto"C*aLT*>5o fe^brr-CO#Sltffi« 
(*5t28) © MAt^ 4 V *© -Cjftfc 40f f-Axial2»C 

[0 14 4] JJt{C^(00ff-Axial3fe^*O#B*5«t^ 

7n-K:BJoTIWLfelS***l3K:^. 
o3£«i*t>^<r^A^tfe#ttd$4v\ 4*5, 
£Bt>©afittfi©ff#©g[icte 5 B^#©5$©&£fete, 

Of f-Axial2ftfM£-<-* tC Lfc (ft*28) 

* ftftSH LT¥B-<-* © (ft£l) ©7£lc^& Lfc t> 
<DXhz> 0 

[0 14 5] JEKlB34fc#B©>" ? t7— at^±^0/^!7— 

£0>B*»btoa»*J:3K:, C©2U*£®> **tt>K:* 
<7^A*«#tt*#oT^4v\, 4*5^03t**ttiB 
K4>ft2#/h£ < 4-5 J: 5 l-£B©ft^£rSl!}3£ft©^ 

^ y ^^fgp^^ r s; A ^ ft#ttdS 4 V ic*fj£ L 

*^*tt0.1mn HTtett4oTV^5) . 036^^^^ h 

- > a voB** b fc*>3ft»8 J: 5 tcS^$ft^-C^(KM 

v©*4v^**»i4o-cv^8. 
[0146] ftJc*»W<o*jft« 7 tcot>ria^-r5o 
[0 14 7] B37lcWBB#^£ftTV^5*S«7 ©Of 

f-Axial***<Ott«. ^-ffiOE®. BJIM*©^ 

-^^14^"T 0 
[0 14 8] r.O0ff-Axial3fe¥*tt0ff-AxialSI*BO 

«*3ft**tt#*8rt#-c*8. ) rr-et^co^ 

(»SC28) ^ottiLTfcSo 
[0 14 9] Sc»cr©0ff-Axial3t^*(O#B*3J:tf± 

fit®, ^y^^^-^^OTv ? A^ft#tt$r±IEtt^O 
7a-KIBo-CIH|tLfctt***15K:»i-. 4*5, 
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[0 15 0] JEfc±BttJM(<D5%, #Hf*iJ:«^»-C 



[0151] ^(ommm^tmmms i«#4o 

ftZZbtiX^Z. c5tfcRtttt, £3R©fcjfclSBI 

5£5Klfc*C$*v0^ 0 h£>*#$teO. lmm & 

^£>'> ft V >3fc¥^ ^ ft o T V > 5 Q 
[0 15 2] 
[*H] 
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[0 154] 
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(l/a+l/bHcos^j^+x 2 ) 
2cos(t)[1+1/2(1/a-l/b)sln(t)y^l -KI/a-l/bJsinOy-^/atHl/ab+l/^^lJtl/a+l/b) 2 })^ ] 
+ C 30 x 3 +C 21 x 2 y + C 1 2 xy 2 +C 03 y 3 + C 4oX 4 + C3 1 
+ C 22 x 2 y 2 +C 13 xy 3 +C 04 y 4 + + 



z=R-{R-s) / 1 ^ 



(R-s) 2 



+C 30 x 3 +C 21 x 2 y+C 1 2 x y 2+ Co3y 3+C 40 )(4+C 31 ^ 
+C 22 x 2 y 2 +C 1 gxy 3 ^^ 4 * + 



[01551 [fl-4] 
z=Ah 2 +Bh 4 +Ch 6 +Dh 8 +Eh 1 °+ 



h 2 /R 



z= +Ah 2 + Bh 4 + Ch 6 +Dh 8 + Eh 10 + 

1+ 

f B l /h 2 =x 2 +y 2 



y i-(i+k)(h/R) 2 



[0 156] [»5] (SE ^ b) 
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ill 

*¥¥SA 31.7 

24.8 

iR*)® 1.60 



Yi 

o.oo 

0.00 
-13.79 
-25.36 
-30.49 
-41.21 



Zi 
0.00 

15.00 
3.43 

17.22 
3.12 

12.12 



. Zi), ffi&&<D%fofS6i 
Si Di Kdi 

0.00 15.00 

25.00 18.00 

5.00 18.00 

10.00 15.00 

15.00 14.00 

25.00 19.00 



v di 

EM 
SLUM 



7 -41.21 -6.88 



0.00 



R2l a =-i.70158e*01 
C03=-6.82940e-05 
C04= 7.50340e-06 

R 39 a =-1.46738e+01 
C03= 1.59750e-03 
C04= 4.94211e-06 

R 4® a =-2.54952e+01 
C03= 7.3B144e-05 
C04=-9.5B347e-O7 

R 5tS a =-6.25646e+01 
C03= 6.23735e-04 
C04=-8.18199e-05 

R 6ffi a =-2.13397e+01 
C03=-1.74466e-05 
C04=-8.53737e-07 



b --1.99675e+01 t = 
C21=-4.91116e-05 

C22= 2.72683e-05 C40= 

b =-1.06108e*01 t = 
C2lz 2.47761e-03 

C22= 2.88441e-04 C40* 

b =-2.54826e+01 t = 
C21= 5.35154e-05 

C22= 5.29320e-07 C40= 



b =-8.38258et00 t ■ 
C21= 6.79503G-04 
C22=-1.19484e-04 C40* 



b =-2.40733e+01 
C21=-6.32275e-05 
C22= 1.33874e-07 



2.69345e*01 
1.85155e-05 
-4.78682e*01 
-5.44074e-OS 
3.27938e+01 
1.94878e-06 
4.03998e+01 
1.48499e-04 



[0 15 7] 



t = 2.57011e+01 

C40=-3. 17827e-06 
1*6] 



-23- 



$2-1 

y\x -4.5303 -3.6242 -2.7182 -1.8121 -0.9061 0.0000 0.9061 1.8121 2.7182 3.6242 4.5303 

-10.2020 -3.2121 -2.9662 -2.7773 -2.6435 -2.5637 -2.5372 -2.5637 -2.6435 -2.7773 -2.9662 -3.2121 

-8.1616 -2.2520 -2.0166 -1.8352 -1.7064 -1.6295 -1.6039 -1.6295 -1.7064 -1.8352 -2.0166 -2.2520 

-6.1212 -1.5323 -1.3022 -1.1246 -0.99B3 -0.922B -0.8976 -0.9228 -0.9983 -1.1246 -1.3022 -1.5323 

-4.0808 -1.0279 -0.8002 -0.6242 -0.49B9 -0.4240 -0.3990 -0.4240 -0.4989 -0.6242 -0.8002 -1.0279 

-2.0404 -0.7283 -0.5010 -0.3252 -0.2000 -0.1251 -0.1002 -0.1251 -0.2000 -0.3252 -0.5010 -0.7283 

0.0000 -0.6310 -0.4027 -0.2261 -0.1003 -0.0251 0.0000 -0.0251 -0.1003 -0.2261 -0.4027 -0.6310 

2.0404 -0.7398 -0.5090 -0.3305 -0.2035 -0.1275 -0.1022 -0.1275 -0.2035 -0.3305 -0.5090 -0.7398 

4.0808 -1.0637 -0.8287 -0.6471 -0.5180 -0.4408 -0,4151 -0,4408 -O.5180 -0.6471 -0.8287 -1.0637 

6.1212 -1.6191 -1.3773 -1.1909 -1.0584 -0.9792 -0.9529 -0.9792 -1.0584 -1.1909 -1.3773 -1.6191 

8.1616 -2.4339 -2.1812 -1.9868 -1.8469 -1.7666 -1.7392 -1.7666 -1.8489 -1.9868 -2.1812 -2.4339 

10.2020 -3.5583 -3.2868 -3.0789 -2.9319 -2.8443 -2.8152 -2.8443 -2.9319 -3.0789 -3.2868 -3.5583 

y\x -1.8373 -1.4698 -1.1024 -0.7349 -0.3675 0.0000 0.3675 0.7349 1.1024 1.4698 1.8373 

-4.B079 -1.0295 -0.94S7 -0.8811 -0.B352 -0.8078 -0.7987 -0.8078 -0.8352 -0.8811 -0.9457 -1.0295 

-3.8463 -0.7143 -0.6320 -0.5684 -0.5233 -0.4964 -0.4874 -0.4964 -0.5233 -0.56B4 -0.6320 -0.7143 

-2.8847 -0.4841 -0.4033 -0.3410 -0.2967 -0.2702 -0.2614 -0.27D2 -0.2967 -0.3410 -0.4033 -0.4841 

-1.9231 -0.3287 -0.2497 -0.1886 -0.1453 -0.1194 -0.1108 -0.1194 -0.1453 -0.1886 -0.2497 -0.3287 

-0.9616 -0.2391 -0.1619 -0.1024 -0.0601 -0.0348 -0.0264 -0.0348 -0.0601 -0.1024 -0.1619 -0.2391 

0.0000 -0.2069 -0.1318 -0.0739 -0.0328 -0.Q0B2 0.0000 -0.0082 -0.0328 -0.0739 -0.1318 -0.2069 

0.9616 -0.2247 -0.1518 -0.0956 -0.0558 -0.0320 -0.0240 -0.0320 -0.0558 -0.0956 -0.1518 -0.2247 

1.9231 -0.2859 -0.21S4 -0.1610 -0.122S -0.0995 -0.0919 -0.0995 -0.1225 -0.1610 -0.2154 -0.2859 

2.8847 -0.3852 -0.3171 -0.2646 -0.2275 -0.2053 -0.1979 -0.2053 -0.2275 -0.2646 -0.3171 -0.3852 

3.B463 -0.5190 -0.4530 -0.4024 -0.3665 -0.3451 -0.3380 -0.3451 -0.3665 -0.4024 -0.4530 -0.5190 

4.8079 -0.6858 -0.6216 -0.5723 -0.5376 -0.5168 -0.5100 -0.5168 -0.5376 -0.5723 -0.6216 -0.6858 

[0158] 1*7] 
3*2-2 

a»tt©a«tti*i (x, yMnz#) 

$8 4 tin 

y\x -6 7818 -5.4255 -4.0691 -2.7127 -1.3564 0.0000 1.3564 2.7127 4.0691 5.4255 6.7B18 

-8.7129 -2^5453 -2.1041 -1.7682 -1.5319 -1.3916 -1.3451 -1.3916 -1.5319 -1.76B2 -2.1041 -2.5453 

-6 9703 -2.0119 -1.5B29 -1.2560 -1.0260 -0.8894 -O.B440 -0.8894 -1.0260 -1.2560 -1.5829 -2.0119 

-5*2277 -1.6100 -1.1903 -0.8703 -0.6450 -0.5112 -0.4668 -0.5112 -0.6450 -0.8703 -1.1903 -1.6100 

-3 4852 -1.3295 -0.9166 -0.6017 -0.3800 -0.2482 -0.2045 -0.2482 -0.3800 -0.6017 -0.9166 -1.3295 

-1.7426 -1.1632 -0.7549 -0.4434 -0.2241 -0.0938 -0.0505 -0.093B -0,2241 -0.4434 -0.7549 -1.1632 

0 0000 -1,1057 -0.7000 -0.3905 -0.1725 -0.0430 0.0000 -0.0430 -0.1725 -0.3905 -0.7000 -1.1057 

1 7426 -1 1538 -0.7486 -0.4396 -0.2220 -0.0927 -0.0497 -0.0927 -0.2220 -0.4396 -0.7486 -1.1538 
3.4B52 -l!3061 -0.8994 -0.5893 -0.3710 -0.2413 -0.1983 -0.2413 -0.3710 -0.5893 -0.8994 -1.3061 
5 2277 -1.5631 -1.1526 -0.8399 -0.6198 -0.4890 -0.4457 -0.4890 -0.6198 -0.8399 -1.1526 -1.5631 
6.9703 -1.9275 -1.5108 -1.1936 -0.9704 -0.8379 -0.7940 -0.8379 -0.9704 -1.1936 -1.5108 -1.9275 
8.7129 -2.4045 -1.9788 -1.6549 -1.4273 -1.2922 -1.2473 -1.2922 -1.4273 -1.6549 -1.9788 -2.4045 

y\x -2.5432 -2.0345 -1.5259 -1.0173 -0.5086 -0.0000 0.5086 1.0173 1.5259 2.0345 2.5432 

-3.0855 -0.5418 -0.4346 -0.3527 -0.2950 -0.2607 -0.2493 -0.2607 -0.2950 -0.3527 -0.4346 -0.5418 

-2 4684 -0.4491 -0.3424 -0.2609 -0.2034 -0.1693 -0.1579 -0.1693 -0.2034 -0.2609 -0.3424 -0.4491 

-1.8513 -0.3790 -0.2724 -0.1910 -0.1336 -0.0995 -0.0882 -0.0995 -0.1336 -0.1910 -0.2724 -0.3790 

-1.2342 -0.3305 -0.2236 -0.1421 -0.0846 -0.0504 -0.0391 -0.0504 -0.0846 -0.1421 -0.2236 -0.3305 

-0.6171 -0.3029 -0.1954 -0.1133 -0.0555 -0.0212 -0.0098 -0.0212 -0.0555 -0.1133 -0.19S4 -0.3029 

-0.0000 -0,2959 -0.1874 -0.1045 -0.0462 -0.0115 0.0000 -0.0115 -0.0462 -0.1045 -0.1874 -0.2959 

0.6171 -0.3098 -0.1998 -0.1158 -0-0567 -0.0215 -0.0099 -0.0215 -0.0567 -0.1158 -0.1998 -0.3098 

1.2342 -0,3451 -0.2332 -0.1478 -0.0B76 -0.0519 -0.0400 -0.0519 -0.0876 -0.1478 -0.2332 -0.3451 

1,8513 -0.4032 -0.2B88 -0.2015 -0.1400 -0.1035 -0.0914 -0.1035 -0.1400 -0.2015 -0.2888 -0.4032 

2.4684 -0.4856 -0.3682 -0.2787 -0.2156 -0.1781 -0.1657 -0.1781 -0.2156 -0.2787 -0.3682 -0.4856 

3.0855 -0.5949 -0.4739 -0.3815 -0.3165 -0.2779 -0.2650 -0.2779 -0.3165 -0.3815 -0.4739 -0.5949 

[0 15 9] [*8] 



-24- 



*2-3 



ai69 

y\x -5.5752 -4.4602 -3.3451 -2.2301 -1.1150 0.0000 1.1150 2.2301 3.3451 4.4602 5.5752 

-6.3600 -1.6075 -1.316B -1.0943 -0.9372 -0.8437 -0.8127 -0.8437 -0.9372 -1.0943 -t.3168 -1.6075 

-5.0880 -1,3035 -1.0161 -0.7960 -0.6406 -0.5481 -0.5173 -0.5481 -0.6406 -0.7960 -1.0161 -1.3035, 

-3.8160 -1.0706 -0.7853 -0.5667 -0.4124 -0.3205 -0.2900 -0.3205 -0.4124 -0.5667 -0.7853 -1.0706 

-2.5440 -0.9066 -0.6223 -0.4045 -0.2507 -0.1591 -0.1287 -0.1591 -O.2507 -0.4045 -0.6223 -0.9066 

-1 2720 -0.8099 -0.5257 -0.3080 -0.1542 -0.0626 -0.0322 -0.0626 -0.1542 -0.3080 -0.5257 -0.8099 

O'OOOO -0.7802 -0.4951 -0.2767 -0.1224 -0.0305 0.0000 -0.0305 -0.1224 -0.2767 -0.4951 -0.7802 

1 2720 -0 8175 -0.5306 -0.3108 -0.1555 -0.0630 -0.0323 -0.0630 -0.15S5 -0.3108 -0.5306 -0.8175 

2.5440 -0.9227 -0.6331 -0.4111 -0.2544 -0.1610 -0.1300 -0.1610 -0.2544 -0.4111 -0.6331 -0.9227 

3.8160 -1.0976 -0.8041 -0.5793 -0.4205 -0.3259 -0.2945 -0.3259 -0.4205 -0.5793 -0.8041 -1.0976 

5 0880 -1.3447 -1.0462 -0.8176 -0.6562 -0.5601 -0.5282 -0.5601 -0.6562 -0.8176 -1.0462 -1,3447 

6.3600 -1.6675 -1.3627 -1.1295 -0.9648 -0.8668 -0.8342 -0.8668 -0.9648 -1.1295 -1.3627 -1.6675 

[0 16 0] [ft 9] 

S3 
Sttft 



®\7S>AX 0 


30 


60 


90 


CO2/<C2OMcos0r2) 


2 0.1071 


0.1080 


0.1098 


0.1107 


0.9676 


3 -0.1541 


-0.1583 


-0.1669 


-0.1712 


0.9000 


4 0.0762 


0.0773 


0.0797 


0.0808 


0.9422 


5 -0.1258 


-0.1307 


-0.1406 


-0.1455 


0.8643 


6 0.0879 


0.0881 


0.0887 


0.0889 


0.9885 


total -0.3102 


-0.3118 


-0.3133 


-0.3131 












W\T*JUA 0 


30 


60 


90 




2 -0.0000 


-0.0000 


-0.0000 


-0.0000 




3 0.4284 


0.4195 


0.4026 


0.3946 




4 -1.5301 


-1.4804 


-1.3905 


-1.3496 




5 -0.7744 


-0.8119 


-0.9O14 


-0.9553 




6 -0.6801 


-0.6868 


-0.6942 


-0.6947 




total -0.0000 


-0.0000 


-0.0000 


-0.0000 





[0 16 1] WlO] 



-25- 



£4 

KV^mfi 23.4 

Sii^Mift i8.o 

1.80 



i 


Yi 


zi 


Si 


Di 


Ndi 


v di 




1 


0.00 


0.00 


0.00 


4.27 


1 




m 


2 


0.00 


4.27 


0.00 


6.25 


1.58310 


30.20 




3 


0.00 


10.52 


18.50 


8.10 


1.58310 


30.20 


RUBS 


4 


-4.B7 


4.05 


-1.00 


7.7B 


1.58310 


30.20 


Rlfffi 


5 


-9.77 


10.10 


-19.16 


>.37 


1.58310 


30.20 


mm 


6 


-9.85 


2.73 


-27.19 


8.00 


1.58310 


30.20 


mm 


7 


-16.41 


7.31 


-27.53 


5.81 


1.58310 


30.20 




8 


-16.41 


1.50 


0.00 


2.50 


1 







9 -16.41 -1.00 0.00 1 f$ffi 

R 2(5 r 2= -7.891 
R 8® r 8= 9. 956 



R3l a =-1.14012e*01 
C03=-1.45648e-04 
C04= 2.63198e-05 

R 4ffi a = 6.22159e+0i 
C03= 5.30792e-03 
C04= 4.56272e-04 

R 5® a »-2.43894e+01 
C03=-2.35500e-04 
C04=-4.98744e-05 

R 6ffi a = 3.78988e+00 
C03= 2.89135e~03 
C04=-6.03057e-04 

R7l a =-1.96892e+01 
C03=-6. 492456-04 
C04= 1.18747e-05 



b =-1.18198e+01 
C21=-6.61332e-05 
C22= 2.63964e-05 

b =-3.63434e+00 
C21= 1.47021e-02 
C22= 7.058939-04 

b =-8.62097e+00 
C21=-4.31297e-05 
C22=-1.20B01e-04 

b =-3.2l669e+00 
C21= 4.70991&-03 
C22=-l,27501e-03 

b =-2.48568e+01 
C2U-2.32589e-06 
C22 = 1.91866e-04 



10 16 2] 



t = 1.84936e+01 



C40= 4.74629e-05 



-3.64536ef01 



C40=-4.80923s-03 



t = 1.97882e*01 
C40=-7.58653e-05 
t =-2.75834e*01 
C40=-8.22786e-04 
t = 2.71952G+01 
C4O=-9.9O7B6e-05 

Wi i] 



-26- 



total 



-0,0739 
0.2728 
-0.4186 
0.2485 
-0.0746 
0.1445 
0.0586 
-0.2187 



30 
-0.0739 
0.2728 
-0.4144 
0.2485 
-0.0745 
0.1443 
0.0586 
-0.2181 



60 90 C02/(C20Mcosl) A 2) 

•0.0739 -0.0739 1.0000 

0.2728 0.2728 1.0001 

-0.4060 -0.4018 1.0419 

0.2486 0.2486 0.9998 

-0.0743 -0.0742 1.0053 

0.1439 0.1437 1.0061 

0.0586 0.0586 1.0000 

-0.2168 -0.2162 



0.0000 



total 



-0.2653 
0.8338 

-3.1309 
9.3685 
0.0607 
0.8579 
0.0000 



30 

0.0000 
-0.2653 
0.8353 
-3.1288 
9.2084 
0.0619 
0.8579 
0.0000 



60 

0.0000 
-0.2653 
0.8381 
-3.1247 
8.9042 
0.0642 
0.8577 
0.0000 



90 

0.0000 
-0.2653 
0.B396 
-3.1227 
8.7598 
0.0654 
0.6576 
0.0000 



[0 16 3] 



Iftl 2] 



-27- 



*»«3(*ftja. R$tm+® ffiffi (off -axial)) 
19.1 

IfcOS 6.00 



i 


Yi 


Zi 


Bi 


Di 


Ndi 






1 


0.00 


0.00 


0.00 


74.01 


1 






2 


0.00 


74.01 


21.97 


56.80 


1 




Kit® 


3 


-39.42 


33.11 


0.85 


53.46 


1 






4 


-75.36 


72.69 


-18.54 


72.34 


1 




Rm 


5 


-81.87 


0.64 


0.45 


4.66 


1.83400 


37.16 


JItfr® 


6 


-82.11 


-4.01 


4.79 


2.98 


1 




SAW 


7 


-82.19 


-6.99 


6.46 


1.07 


1.84665 


23.88 


MViW 


8 


-82.26 


-8.06 


0.18 


4.76 


1 




JSltfr® 


9 


-82.83 


-12.79 


-10.13 


6.31 


1.71999 


50.25 




10 


-82.78 


-19.10 


6.30 


3.83 


1 






11 


-82.45 


-22.92 


-0.77 


0.39 


1.83480 


42.72 


mm 


12 


-82.06 


-29. 9B 


-9.45 


18.41 


1 






13 


-82.73 


-48.40 


2.00 




1 







R 2® 


a = 
C03= 
C04= 
C05= 


3.36759e*02 
-8.68501e-06 
-2.82857e-07 

8.22060e-09 


b = 
C21= 
C22= 
C23= 


-3.15328et02 
-2.2586Oe-05 
*3.57767e-07 
3.33747e-09 


t * 8.95510e401 

C40=-1.39322e-G8 
C41=-5.80341e-09 


a 3® 


a =-3.99870e*01 
C03=-1.60084e-05 
C04=-2.78682e-06 
C05= 1.68041e-07 


b = 
C21= 
C22= 
C23= 


-2.94443e+01 
2.02658e-05 
1.58674e-05 

-2.82577e-07 


t = 5.l2l98e401 

C40= 2.56031e-05 
C41=-3.8B482e-07 


R 4® 


a =-2.36159e+02 
C03=-1.12229e-05 
C04= 1.34763e-07 
C05= 1.26972e-09 


b = 
C21= 
C22= 
C23= 


-5.63231ef01 
-1.15712e-05 
1.65257e-07 
-4.19707e-ll 


t - 2.33084*401 

C40= 1.57502e-07 
C41*-3.16439e-09 


R 5® 


a =-4.40303e+01 


b =• 


•4.40303e+01 


t 


a O.OOQOOe+00 


R 6® 


a = 


2.61887e+01 


b = 


2.61887e+01 


t 


= 0.00000e400 


R 7® 


a = 


L.60442e+01 


b = 


1.6O442e*01 


t 


= 0.000006400 


R 8® 


a =- 


-4.03833e+01 


b 


-4.038336401 


t 


= 0.00000e+00 


R 9® 


a 


-5.439l4e+01 


b =• 


-5.43914e401 


t 


- O.OOOOOe+60 


RIO® 


a = 


1.52012e+02 


b = 


1.52012e«02 


t 


» O.OOOOOetOO 


Rllffi 


a = 


1.04459e402 


b - 


1.04459e*02 


t 


» O.OOOOOetOO 


R12® 


a = 


2.80571e401 


b * 


2.805716401 


WaT 0 " 00 



-28- 



S7 
ttttfi 



[016 5^' 





30 


60 


90 




C02/ (C2Q* feog /J \ A 5 \ 




0.0253 


0.0255 


0.0257 


0.0258 




0.9817 




-0.0416 






-ft ftdic 

U. Ufl to 








0.0216 


0.0217 


0.0219 


0.0220 




0.9815 




0.0191 


0.0190 


0.019O 






i ■ UUvO 




0.0319 


0.0319 


0.0319 


0.0319 




1 .0010 




•0.0531 


-0.0531 


-0 . 0529 


-0.0529 




1.0074 




-0.0212 


-0.0212 


-0.0211 


-0. 0210 




1 . 0040 




0.0144 


0.0142 


0.0138 


0.0136 




1 . 0935 


10 


0.0049 


0.0049 


0.0048 


0.0048 




1.0136 


ii 


-0.0080 


-0.0080 


-0.0080 


-0.0080 




1.0060 


12 


0.0309 


0.0307 


0.0303 


0.0301 




1.0121 


total 


-0.0479 


-0.0482 


-0.0487 


-0.0489 


















30 


60 


90 






2 


0.0409 


0.0407 


0.0403 


0.0402 






3 


0.5593 


0.5483 


0.5273 


0.5172 






4 


-2.6196 


-2.5923 


-2.5394 


-2.5137 






5 


0.3544 


0.3597 


0.3704 


0.3757 






6 


0.4994 


0.5016 


0.5060 


0.5082 






7 


3.1019 


3.0564 


2.9680 


2.9251 






8 


5.4201 


4.9914 


4.3269 


4.0641 






9 


0.2494 


0.2735 


0.3205 


0.3433 






10 


0.7992 


0.8051 


0.8173 


0.8236 






11 


1.3925 


1.3848 


1.3678 


1.3585 






12 


0.4212 


0.4271 


0.4405 


0.4481 






total 


-0.0208 


-0.0207 


-0.0205 


-0.0204 












0 


30 




60 


90 






-20.8605 


-20.7619 


-20 


.5505 


-20.43B3 




-21.8683 


-21.9981 


-22.1082 


-22.0949 




39.8260 


39.7062 


39 


.3925 


39.1988 




18.9655 


18.9443 


1 


W*4] 


18.7605 



-29- 



14.0 
10.6 
2.00 



10.6 
8.0 
3.00 



Mas 

7.1 
5.3 
4.00 



• 

1 


Yi 


Zl (WJ 


v L 


Di 




v di 


v 


1 


0.00 


a nn 


ft AA 

Q. 00 




i 
X 




2 


-8.90 


3.00 


0.00 


6.00 


1.51633 


64.15 




J 


0.00 


9 .00 


28. 00 


10.73 


1.51633 


64.15 




4 


-8.90 


a!oo 


0.00 


10.73 


l! 51633 


64' 15 




5 


-17.79 


9.00 


-2B.00 


6.00 


1.51633 


64.15 


mm 


6 


-17.79 


3.00 


0.00 


£& 


1 






7 


-17.79 


-10.58 


0.00 


6.00 


1.51633 


64.15 




8 


-17.79 


-16.58 


-28.00 


10.73 


1.51633 


64.15 




9 


-26.69 


-10.58 


0.00 


10.73 


1.51633 


64.15 




10 


-35.58 


-16.58 


28.00 


6.00 


1.51633 


64.15 




11 


-35.58 


-10.58 


0.00 




1 






12 


-35.58 


-0.24 


0.00 


6.00 


1.51633 


64.15 




13 


-35.56 


5.76 


28.00 


10.73 


1.51633 


64.15 


mm 


14 


-44.46 


-0.24 


0.00 


10.73 


1.51633 


64.15 




15 


-53.37 


5.76 


-26.00 


6.00 


1.51633 


64.15 




16 


-53.37 


-0.24 


0.00 




1 






17 


-53.37 


-5.09 


-0.00 




1 







[0 16 6] 



Wl 5] 



-30- 



318-2 



D 1 3.00 

D 6 13.58 

Dll 10.34 

D16 4.86 

D 1- 1® ZiW) 
D 2- 6ffl ZittU 
D 7-11® HI*) 

am 

D17M ziOO 

R2l r 2=°° 

B4l r 4=» 

R 6ffi r 6»°o 

R7l r 7=oo 

R 9® r 9o°° 

RllM rlIo«» 

R12I5 r!2»» 

Rlfiffl rl6=» 



*B8 




3.00 


3.00 


7.92 


2.00 


8.22 


9.56 


8.40 


15.65 






b Zi IW) 




B Zi(W) 


♦ 5.66 


» zi<w) 


♦ 3.54 


= Zi(W) 





Zi(T> • Zi<W> 

Zi(T) - Zi<W) 

Zi(T) = Zi(W) ♦ 11.58 

Zi(T) = Zi{V0 ♦ 10.79 

Zi(T) * ZiW 



R 3® C02=-9 



R 5® 



R 8® 



RlO® 



93659e-03 
C03= 7.21398e-C6 
C04» 1.48230e-O5 

C02=-l-00000e-02 
C03= 8.61457e-05 
C04= 9.823086-05 

C02=-l. 977386-03 
C03 8 -5. 952816-05 
C04- 1.16019e-05 

C02» 4.803268-03 
C03=-2.10929e-05 
C04«-4.89310e-06 



C20=-1.22676e-02 
C21=-l- 445396-03 
C22=-7.24467c-05 

C20»-1.46379e-02 
C21=-3. 691048-04 
C22=-2. 216268-05 

C20*-2. 149996-03 
C2U-6. 08801a-05 
C22=-3. 037046-05 

C20- 6.424788-03 
C21=-7. 012468-05 
C22= 7.92301e-07 



C4C= 5.2458Oe-05 



C40* 7.1198Be-06 



C40=-6.27330e-G6 



C40=-l. 37335e-06 



R13® 



R15® 



[0 16 7] 



C02=-6.79637e-03 
C03=-l. 31716e-05 
C04=-2.47265e-06 

C02» 3.981466-03 
C03o-8. 150228-05 
C04« 2.788366-07 



c20=-8.3525Be-03 
C21=-1.21231e-04 
C22* 5.400946-06 

C20= 4.129056-03 
C21=-8. 047876-04 
C22=-3. 526176-07 



C40=-1.63241e-07 



C40=-3.9318Be-05 



W16] 



£9-1 



M\TifAA 0 30 60 90 C02/<C20* (cos 6 r2| 

2 0.0000 O.00DO 0.0000 0.0000 1.0000 

3 0.0683 0.0676 0.0663 0.0657 1.0390 

4 0.0000 0.0000 0.0000 0.0000 1.0000 

5 0.0687 0.0711 0.0760 0.0784 0.8763 

6 0.0000 0.0000 0.0000 0.0000 1.QOO0 



7 0.0000 

8 -0.0136 

9 0.0000 

10 0.0330 

11 0.0000 

12 O.0000 

13 0.0467 

14 0.0000 

15 -0.0274 

16 0.0000 

[0 16 8] 



0.0000 0.0000 

-0.0131 -0.0120 

0.0000 0.0000 

0.0333 0.0341 

0.0000 0.0000 

0.0000 0.0000 

0.O462 0.0452 

0.0000 0.0000 

-0.0260 -0.0234 

0.0000 0.0000 



0.0000 1.0000 

-0.0115 1.1797 

0.0000 1.0000 

0.0344 0.9590 

0.0000 1.0000 

0.0000 1.0000 

0.0447 1.0437 

0.0000 1.0000 

-0.0221 1.2369 

0.0000 1.0000 



-31- 



S9-2 



#7P * ^<0i&tt«Or ^AXfitfftt 

7ay9\TiSJ»A 0 30 60 90 

2 0.0706 0.0707 0.0710 0.0712 

3 0.0258 . 0.0264 0.0278 0.028S 

4 0.0374 0.0372 0.0368 0.0366 

7Dy?\7v>A* 0 30 60 90 

2 17.7284 18.1970 19.1025 19.5379 

3 22.0878 21.8010 21.2798 21.0427 

4 -6.3903 -5.9546 -5.0536 -4.5895 

•ru^vryAx o 30 60 90 

2 -17.6411 -17.4962 -17.1827 -17.0149 

3 3.5071 3.0345 2.1632 1.7607 

4 -21.6198 -21.5405 -21.3533 -21.2454 













state\ rs> A* 0 


30 


60 


90 


f 


1 -9.62198 


-9.67001 


-9.74419 


-9.77029 




2 -12.8052 


-12.8549 


-12.9213 


-12.938 




3 -19.2138 


-19.2896 


-19.3788 


-19.3916 


H 


1 -11.6097 


-11.1447 


-10. 158 B 


-9.63993 




2 -17.9926 


-17.5163 


-16.4797 


-15.9215 




3 -29.9318 


-29.4547 


-28.3483 


-27.7208 


H' 


1 9.72918 


9.7186 


9.66437 


9.62072 




2 12.848 


12.876 


12.8B65 


12.8688 




3 19.1959 


19.3317 


19.5139 


19.5591 




1 0.107193 


0.048587 


-0.079B24 


-0.149564 




2 0.042803 


0.021116 


-0.034867 


-0.069215 




3 -0.017902 


0.042127 


0.135096 


0.167466 



[0169] W18] 



-32- 



A^Bft 19.1 
Sig-^iiA 14.5 

iK^g 3.00 



Yi 
0.00 
0.00 
-8.60 
-17.21 
-17.21 
-31.30 



Zi 
0.00 

15.00 
2.71 

15.00 
0.00 
5.13 



, Zi). 
Oi 
0.00 
17.50 
0.00 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



Id BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




